Objectives-Hexachlorobenzene (HCB) is a highly lipophilic organochlorine compound of widespread environmental occurrence, that accumulates in the biological system. It aVects the porphyrine metabolism, thyroid hormones, and the liver function in animals. Although HCB is one of the most common organochlorine compound in humans, little investigation on its health eVects has been done. Polychlorobiphenyls (PCBs) are also widespread toxic environmental contaminants. The aim of the present study was to investigate the association of serum HCB and PCB concentrations with thyroid hormone status and liver enzymes in human. Methods-Thyroid stimulating hormone (TSH), total and free thyroxine (T4), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and -glutamyltransferase (GGT) were measured as biological markers of thyroid and liver function in a rural population sample older than 14 years (n=192, except for TSH with n=608) highly exposed to HCB. Serum concentrations of HCB were measured by gas chromatography coupled to electron capture detection. Results-After adjustment for confounding variables, there was a significant negative association between serum HCB concentrations and total T4 (a decrease of 0.32 µg/dl per each unit, ln ng/ml, of increase of HCB) and a positive association with GGT (a relative increase of 10 % per each ln unit of increase of HCB), although most subjects (92%) were within the normal range for both T4 and GGT. These associations were not modified after adjustment for total lipid content or for other organochlorine compounds. The association of T4 and GGT with PCB was smaller although significant. No association was found with the other biochemical markers. Conclusions-These results suggest that the internal dose of HCB of this population may reflect a subtle metabolic eVect on thyroid function and an enzymatic induction activity. Further studies are needed to evaluate the health impact of these eVects in more susceptible populations, such as infants. (Occup Environ Med 2001;58:172-177) 
Hexachlorobenzene (HCB) is an organochlorine compound widespread in the environment, formerly used as fungicide. Nowadays, the main source of HCB is industrial emission as a byproduct of the manufacture of chlorinated solvents and pesticides. Hexachlorobenzene is highly lipophilic and accumulates in biological systems. Recently it has been suggested that HCB should be classified as a dioxin-like compound because it binds to the aryl-hydrocarbon (Ah) receptor, resulting in dioxin-like eVects and bioacumulates. 1 In animals, HCB has similar eVects to those described for dioxins and polychlorobiplenyls (PCBs). It has been reported to induce hepatic and thyroid neoplasm, 2 3 porphyria, 4 5 and hormonal disruption, including alterations in progesterone and testosterone concentrations, 6 7 depletion of triiodothyronine (T3) and thyroxine (T4), 8 goitre, 9 and hypothyroidism. 10 Very little information on eVects on liver function is available, although eVects on hepatic -glutamyl transpeptidase have been described in rats. 11 Although HCB is one of the most common organochlorine compound in humans, little investigation on its health eVects in humans has been done. Most data are related to the accidental exposure in Turkey, between 1955 and 1959, when people consumed wheat grain treated with HCB for use as seed grain. In this incident, disturbances in porphyrin metabolism, leading to porphyria cutanea tarda, enlarged liver, enlargement of the thyroid gland, and osteoporosis or arthritis were found, primarily in children. 4 12 Unfortunately, no information on serum or tissue HCB concentrations arose from this outbreak. The incidence of cancer in this population was never properly investigated.
A general population cross sectional study in a village, from a rural area, of 5000 inhabitants, located in the vicinity of an organochlorine compound factory (Flix, Catalonia, Spain), highly exposed to HCB due to airborne and occupational exposure, has been carried out. 13 Mean serum concentration of HCB in this general population was 36.7 ng/ml 13 which is the highest ever described. Results of a study of health eVects showed that chronic exposure to HCB did not aVect the general health of this general population, but suggested that specific health eVects-such as cancer or Parkinson's disease-measured by questionnaire, could occur in factory workers, who were the most exposed subjects.
14 Damage by environmental chemicals, including potential endocrine disrupters, most often is not visible or expressed as a clinically relevant disease, but they may cause loss of function. 15 16 In this population, however, no evidence of disturbances in porphyrin metabolism was found. 17 We report here the assessment of the association between HCB in the serum samples of Flix inhabitants, and thyroid stimulating hormone (TSH), free and total T4, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and -glutamyltransferase (GGT) as specific laboratory markers of thyroid and liver function. These enzymes have never been assessed in a general population sample highly exposed to hexachlorobenzene. Also, we assess the association between the same markers and PCBs due to their toxicity, although the concentrations of PCBs in Flix were similar to those in other locations.
Population and methods
A total of 608 subjects older than 14 years (249 men and 359 women, mean age 48.8 years) provided 40 ml of blood and 24 hour urine. Collection of serum samples was not done in any particular fasting state. Details of the selection of the subjects have been reported elsewhere.
14 Briefly, subjects in a random sample of the general population older than 14 years were asked to provide biological samples (n=328, 42.1% response rate) and to answer a questionnaire administered by trained interviewers about residence, occupation, lifestyle, and medical history. Also, from the rest of this general population, 280 subjects (7%) also provided biological samples and completed the questionnaire because they volunteered to do so for their own interest. Previous written consent for inclusion in the study was obtained in all cases. No diVerences in socioeconomic, occupational, and health status, nor in HCB concentrations, were found between subjects from the random samples and volunteers. Concentrations of HCB in serum were analyzed in all samples by gas chromatography coupled to electron capture detection (GC-ECD) as previously described. 18 Polychlorobiphenyls (summation of 28, 52, 101, 118, 138, 153 , and 180 congeners) were also assessed due to their potential eVects on thyroid and liver enzymes. Negative ion chemical ionisation GC coupled to mass spectrometry (GC-MS) was used to confirm the presence of these compounds in the samples. Validity of measurements was confirmed by a calibration between laboratories . 14 Thyroid stimulating hormone was measured in all serum samples (n=608) in the reference laboratory of Catalonia. Total and free T4, AST, ALT, GGT, and total cholesterol and triglycerides were measured by this laboratory in a subset of 192 serum samples. This subset included all current workers from the electrochemical factory (n=86, 75 men and 11 women) and a random sample of never workers (n=106; 17 men and 89 women). Total cholesterol and triglycerides were used for calculation of total serum lipids and correction of the concentrations of organochlorinated compounds as described by Phillips et al. 19 
STATISTICAL ANALYSIS
Multiple linear regression models were fitted to assess the association between HCB and PCB concentrations in serum, and TSH, total and free T4, AST, ALT, and GGT, adjusting for possible confounders, which included sex, age, body mass index (in kg/m 2 ), recent loss of weight (10% of weight in the last 12 months), alcohol consumption (habitual drinkers versus never drinkers and in g alcohol), smoking habits and occupation in the electrochemical factory (ever versus never workers in the electrochemical factory of this rural village). Continuous variables were included in the models centred by the mean. Occupation in the factory was found to be the main variable related to HCB serum concentrations in this population. 13 Serum HCB and PCB concentrations were included and categorised into quartiles. They were also analyzed as a continuous variable. Models were fitted with serum concentrations of organochlorine both uncorrected and corrected for total serum lipid content. The distributions of TSH, AST, ALT, GGT, HCB, and PCB were skewed to the right, thus natural logarithmic transformations of these variables were used in the statistical analysis. Correlation plots and Pearson coeYcients between HCB and markers of liver and thyroid function were also considered. A p value of 0.05 was taken as the cut oV point for significance.
Results
The characteristics of the study population are presented in table 1. Among men, 66.7% were or had been workers in the electrochemical factory. Few women (5.8%) had worked in the factory, most of them in the administrative department. 12 In all subjects HCB and PCB were found and were significantly higher among men who had been workers in the factory. The HCB concentrations in subjects who had never worked in the electrochemical plant (mean 16.8 ng/ml) were still higher than those reported in the general population in other studies.
12 Table 2 shows the population distribution of the laboratory markers of thyroid and liver function by sex and occupation in the electrochemical factory. The age adjusted mean value of total T4 in both men and women was significantly lower in ever workers than in never workers. Coincidentally, the proportion of subjects that had concentrations of total T4 lower than the reference value (7.8%, n=15) was higher in ever than in never workers (p<0.01). A significant diVerence was also found for the mean value of GGT between male ever and never workers, with a higher mean among male ever workers that did not vary after adjusting for alcohol intake. All subjects with GGT concentrations higher than the reference value (n=13) were ever worker men. Overall, 16 subjects (8.3%) had GGT concentrations above the reference value.
In a crude analysis, HCB was associated with total T4, ALT, and GGT and PCB was associated with TSH (table 3) . These correlations did not change after adjusting for total lipid content. Pearson correlation coeYcient between HCB and lipid adjusted HCB was 0.95 (p<0.01), and between PCB and lipid adjusted PCB it was 0.97 (p<0.01). Table 4 presents the adjusted association between HCB and PCB concentrations and the thyroid and liver biomarkers. No significant association was found for TSH, free T4, AST, and ALT after adjusting for sex, age, body mass index, alcohol consumption, and occupation in the electrochemical factory. A significant negative association was found between total T4, the three quartiles of HCB and the first quartile of PCBs. The association was significant for HCB as a continuous variable, but not for PCBs. Similarly, a significant positive association was also found between GGT and the third quartile of HCB and the third quartile of PCB and between GGT and HCB as a continuous variable. No diVerences in these results were found after adjustment for total lipids. The associations between HCB and total T4 and GGT were independent of the PCB concentrations and no interaction was found between HCB and PCB concentrations (p>0.5). Other organochorinated compounds, such as dichlorodiphenyldichloroethane (p,p-DDE), or -hexachlorocyclohexane (b-HCH) did not confound the association with HCB. For GGT, the significant interaction found between occupation and sex (higher concentrations of GGT in men than in women among ever workers, table 2, (p=0.02)) disappeared after adjusting for HCB serum concentrations in the multiple regression model, which did not happen after adjusting for PCB concentrations. Finally, no interaction was found between HCB and occupation in the electrochemical factory nor between HCB and alcohol relative to GGT concentrations.
Discussion
This is the first study evaluating the association between clinical markers of thyroid and liver function and concentrations of HCB in serum in a sample of the general population. The population under study is the one with the highest concentration of this compound ever reported. An association between HCB and concentrations of total T4 and GGT, independent of PCB concentrations, was found. No eVects associated with HCB concentrations were found for TSH, free T4, AST, and ALT. These results did not change after correction of the concentrations of organochlorine compounds and total lipid content. A less consistent association with GGT was found for PCBs. The present results show no eVect on TSH and free T4 concentrations but a diminution of total T4 associated with serum concentrations of HCB. The mechanism postulated for the eVects of HCB on the thyroid encompass accelerated metabolism of thyroid hormones by HCB induced enzymes or accelerated deionidation of T4, and interference with plasma transport of thyroid hormones through displacement of T4 from binding sites on proteins. 20 21 Several studies in animals have shown a decrease of total T4 concentrations, 10 22 23 and, to a lesser extent of T3 without aVecting TSH concentrations after exposure to HCB. Somewhat diVerent eVects (decreased T3 and no change on T4) have also been reported. 9 In humans, very few studies have considered the relation between HCB and thyroid hormones.
In the Turkish outbreak, concentrations of thyroid hormones were never measured, but higher incidence of goitre was reported. 12 Mazhitova et al 24 did not find any association between chlorinated contaminants, which included HCB, and thyroid hormones in schoolchildren form the Aral Sea region. Reduction in plasma T4 concentrations, however, has been described after exposure to PCBs [25] [26] [27] and dioxins. 28 The association found between total T4 and the first quartile of PCB did not confound the association with HCB in the multivariate analysis. Although most of the studies show an eVect of exposure to organochlorine compounds on the thyroid hormones, the lack of consistency in the results may reflect diVerences in susceptibility among chemical species or populations as well as diVerences in exposure. On the other hand, it should be taken into account that there are compensatory mechanisms that can result in the normalisation of serum concentrations of thyroid hormone 29 upon longer exposure times. The present results suggest that HCB causes a subtle eVect on thyroid function. This eVect could have some implications in a more susceptible population such as newborn infants. Thyroxine is the main thyroid hormone that influences the thyroid dependent neurodevelopment. 30 Altered thyroid hormone concentrations may play an important part in the maturation of the foetal or neonatal central nervous system, which is particularly sensitive to environmental pollutants. 31 Regarding the results of liver enzymes, there is a positive adjusted association between HCB and GGT concentrations. The mean value of GGT was higher among ever than never workers. This diVerence was independent of alcohol consumption. Two preceding studies on workers from chlorinated solvent factories have shown an association between HCB and markers of liver function. 32 33 PCB had been associated with GGT in some human studies. [34] [35] [36] In the present case, there is also a relation with PCB. However, PCB does not confound the association between HCB and GGT in the multivariate analysis, nor in the stratified analysis (not shown). Similarly, other organochorine compounds, such as p,p-DDE, or b-HCH did not confound the association with HCB.
Furthermore, workers are characterised by high concentrations of HCB, whereas concentrations of the other common organochlorinated compounds are in the range of those found in other places. 13 In the present case, no association between HCB or PCBs and transaminases was found, indicating no damage on the hepatocyte. Several studies in animal laboratories have reported an induction of various enzymes after exposure to HCB. 37 38 Increased GGT can be found in situations of induction of enzymatic activity due to certain drugs such as phenobarbital or alcohol consumption. The association with GGT found in this study, is not due to This property may explain, in part, its mechanisms of action. Hexachlorobenzene is a mixed type inducer with eVects such as induction of activity of hepatic cytochrome p4502B (CYP2B). According to in vitro experiments, HCB binds to the aryl hydrocarbon receptor about 10 000 times less than 2,3,7,8-tetrachlorodibenzo-p-dioxin. It has been estimated that HCB could add 10%-60% to the total toxic equivalents (TEQs) in human milk samples.
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A strong correlation between internal dose of HCB and the formation of mercapturic acid derivatives in urine was found in a previous study. 18 The formation of glutathione conjugates may play a significant part in HCB detoxification within this range of human accumulation of HCB. This detoxification mechanism may avoid some of the clinical eVects described in laboratory animals or in the Turkish outbreak, such as alterations in porphyrin metabolism.
The low response rate among the subjects from a random sample who were asked to provide biological samples constitutes a limitation of the study. Blood and urine from volunteers were also accepted to increase the numbers of available samples. As described elsewhere, 14 no diVerences in socioeconomic, occupational, and health status, nor in HCB concentrations, were found between subjects from the random sample and volunteers. The proportion of current workers included in the study was similar to the proportion of current workers in the general population of Flix. Similarly, no diVerences in health were found among the study population and the reference population from the Catalan National Health Survey. 13 These arguments suggest that the association between the biomarkers of exposure and eVect are not biased by non-response. Confounding for other environmental exposures such as dioxins could not be discounted. Information on individual concentrations of dioxins in this population is not available, but the total dioxin equivalents in the area fulfil the ambient air quality standard for no notable health eVects. 39 In conclusion, the decrease of total T4 and the increase of GGT concentrations associated with serum concentrations of HCB, although within the normal reference values, may indicate an induction of enzymatic activity of HCB and suggest a subtle metabolic eVect on thyroid and liver function. Little is known of the deleterious eVects in humans of HCB, which is one of the most common organochlorine products found in human tissues. Further studies are needed to better understand the mechanisms of action of HCB and evaluation of the role of these eVects in more susceptible populations such as infants.
Open reviewing
Many journals, including the BMJ, have moved to a system of open reviewing, whereby authors know the names of reviewers of their papers. Research has shown that named reviews, although not of better quality than anonymous reviews, are not of worse quality either. Therefore in the interests of transparency, it seems fair to let authors know who has reviewed their paper. At Occupational and Environmental Medicine we have considered the issue carefully. There are some concerns that reviewers, especially those who are more junior, might feel intimidated and not wish to make negative comments about papers submitted by senior people in the field. On the other hand, some reviewers might hide behind the cloak of anonymity to make unfair criticisms so as to reduce the chances of publication by rivals. We have decided to introduce initially a system of open reviewing if the reviewers agree explicitly. So when a reviewer is sent a paper, he or she is asked to indicate whether we can disclose their name or not when sending the authors their comments. We will be monitoring this to see how many of our reviewers are happy to be named. If it is most of them, we will move to a system of open reviewing as the norm, with a possible "opt out" clause for reviewers.
